1. Introduction
===============

With high incidence, lethal rate, and more complications, cardiovascular and cerebrovascular diseases are a serious threat to mankind\'s health and life. In all complications, nephropathy is concerned as result of its own high incidence rate and population, 10% of the population worldwide is affected by chronic kidney disease (CKD), half of people aged 75 or more have some degree of CKD, 1 in 5 men and 1 in 4 women between the ages of 65 and 74 have CKD. Nowadays, 26 million American adults have CKD and millions of others are at increased risk. Recent studies have shown that some complications in CCVd, including hyperuricemia, coronary heart disease, and diabetes are top 3 risk factors for nephropathy.^\[[@R1]\]^ Nephrosis, noninflammatory nephropathy, often has no symptoms, and it can go undetected until very advanced. Therefore, the determination of susceptible population of CKD is necessary to effectively prevent and treat this disease.^\[[@R2]\]^

The occurrence of nephropathy is related to genetic factors, eating habits, environment, and so on.^\[[@R3]\]^ Fundamentally, genetic factors including receptors and key enzymes have been a hot research topic in recent years. The cytochrome P450 gene super-family is involved in the synthesis of steroids and the metabolism of cholesterol. CYP2C19 plays an important role in drug metabolizing enzyme in CCVd treated by anticoagulation, which involves in proton pump inhibitor, platelet aggregation inhibitor, antidepressants, and so on.^\[[@R4]\]^ However, the most basic function is to participate in the biosynthesis and metabolism of glucocorticoids, sugar, fat, and protein.^\[[@R5]\]^

The CYP2C19 gene consists of 9 exons spanning ∼90 kb and encodes a protein of 490 amino acids (NM_000769.1). Approximately 30 variant alleles of CYP2C19 have been reported so far. Many researchers have investigated the molecular mechanism of CYP2C19 enzyme polymorphisms, which include the wild-type CYP2C19∗1, ∗2, ∗3, ∗4, ∗5, ∗6, ∗7 and ∗8. CYP2C19∗2 and ∗3 are the main variants among all of CYP2C19.^\[[@R6]\]^ So we carried out this study to illustrate the association between the CYP2C19 genotype and nephropathy in CCVd patients.

2. Methods
==========

2.1. Study design and sample collection
---------------------------------------

This study was conducted between 2012 and 2016, in the population covered by the Chengdu Military General Hospital, constituted by 623 samples of patients with cardio-cerebral vascular disease (CCVd). All of the patients rule out infectious diseases, pregnancy, and congenital nephrotic syndrome. This study consisted on a basic information collection and physical examination. A blood sample for further biochemical analysis was also collected. Participants were selected using a simple random sampling scheme. Diagnosis of CCVd, diabetes, and nephropathy is according to the WHO diagnostic criteria, excluding renal injury due to improper drug treatment. The research was approved by the ethics committee.

2.2. Measurements and blood sample collection
---------------------------------------------

The CYP2C19 genotype and biochemical measurements, including total cholesterol (TC), triglyceride (TG) and high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), cystatin C, blood urea nitrogen (BUN), creatinine serum (CREA), creatinine clearance rate (CCR), uric acid (UA), retinol binding protein (RBP), fasting blood-glucose (FBG), were performed in accordance with the recommendations proposed by national center for clinical laboratories.^\[[@R7]\]^ Genomic DNA was isolated from whole blood using a commercially available DNA isolation kit (TaKaRa, China) according to the manufacturer\'s instruction. CYP2C19 variants measurements were performed based on the gene chip method.^\[[@R8]\]^

2.3. Statistical analysis
-------------------------

The mean values of total TC, TG, HDL-C, LDL-C, cystatin C, BUN, CREA, CCR, UA, RBP, FBG were collected in 3 months (once every month). Continuous variables were expressed as mean ± standard deviation (SD) and categorical variables were reported as counts and percentages. Analyses of *t* tests and chi-square tests were used to test for differences between groups for continuous and categorical variables, respectively. Multivariate logistic regression analysis was used to identify independent predictors of nephropathy. Analyses were performed using SPSS version 19.0 statistical software. A value of *P* \< 0.05 (2-sided) was considered statistically significant.^\[[@R9]\]^ The *P* value is accurate to 3 decimal places when we calculated using SPSS.^\[[@R10]\]^

3. Presentation of Results
==========================

Overall, 623 patients with CCVd were enrolled in this study, including 497 cases of male, 126 cases of female. In all the cases, there were 141 CCVd patients with hyperuricemia, 358 patients with coronary heart disease, and 124 patients with diabetes (Supplemental Table 1).

3.1. Significant difference of renal function between CYP2C19 wild-type and mutation genotype in CCVd patients with hyperuricemia
---------------------------------------------------------------------------------------------------------------------------------

As compared with CCVd patients with normal uric acid, hyperuricemic carriers with CYP2C19 wild type tended to have higher risk to get nephropathy (OR: 2.365, 95%CI: 1.357--4.122, *P* = 0.002). Therefore, we compared the CYP2C19 wild type with mutation genotype in CCVd patients with hyperuricemia. The proportions of coronary heart disease, sex and age were no significant difference between in the CYP2C19 wild-type group and the mutation group. As compared with mutation genotype group, the levels of cystatin C, BUN and CREA were significantly higher in the wild-type group. And the levels of CCR were significantly lower in the wild-type group than in the mutation group. In the levels of TC, TG, HDL-C, LDL-C, UA, RBP, and FBG, there were also no significant associations between 2 groups in the levels of TC, TG, HDL-C, LDL-C, UA, RBP, and FBG (Supplemental Table 2).

To identify CYP2C19 wild type associated with nephropathy in CCVd patients with hyperuricemia, further analysis of renal function test result showed in Fig. [1](#F1){ref-type="fig"}. CCVd patients with hyperuricemia were divided into 5 age groups. The levels of cystatin C, BUN, CCR, and CREA were no significant difference under age 60 between the wild-type group and the mutation group. However, there was significant difference in the 4 renal function test result between the 2 groups. Obviously, the renal function situation in patients with CYP2C19 wild type was much worse than with CYP2C19 mutation. Especially shown in cystatin C, the renal function gets worse and worse as the age grows. Despite the strong correlation between serum creatinine and cystatin C, cystatin C is less affected by weight and muscle mass and might represent a better alternative for the assessment of renal function.

![The relative index of renal function between CYP2C19 wild type and mutation in CCVd patients with hyperuricemia. Results represented means ± standard deviation: (A) the concentration trend chart of blood urine nitrogen in different age groups; (B) the concentration trend chart of serum creatinine in different age groups; (C) the trend chart of creatinine clearance rate in different age groups; (D) the concentration trend chart of serum cystatin C in different age groups. CCVd = cardio-cerebral vascular disease.](medi-95-e4954-g001){#F1}

3.2. CYP2C19 wild type is high risk factor for nephropathy in CCVd patients with hyperuricemia
----------------------------------------------------------------------------------------------

As shown in Table [1](#T1){ref-type="table"}, CYP2C19 wild type (∗1/∗1) was an independent risk factor for nephropathy in CCVd patients with hyperuricemia (odds ratio \[OR\] 3.288, 95% confidence interval \[CI\] 1.152--9.387; *P* = 0.026) by multivariate logistic regression analysis. No significant associations between any of the other factors (diabetes, coronary heart disease, sex, single mutation, double mutation genotype) and nephropathy were observed in CCVd patients with hyperuricemia.

###### 

Multivariate logistic regression analysis of independent risk factor for nephropathy in CCVd patients with hyperuricemia.

![](medi-95-e4954-g002)

3.3. Significant difference of renal function between CYP2C19 wild type and mutation genotype in CCVd patients with coronary heart disease
------------------------------------------------------------------------------------------------------------------------------------------

The statistical analysis was performed by *t*-tests and chi-square tests. A 2-sided *P* value was used to test for significance (threshold, *P* \< 0.05). The levels of cystatin C, BUN, CREA, and UA were higher in the wild-type group than in the mutation group (*P* \< 0.05). And the levels of CCR were significantly lower in the wild-type group than in the mutation group (*P* \< 0.01). The difference of Uric acid level can be observed, and we deduced that the Uric acid level of CYP2C19 wild type generally higher than of mutation genotype in CCVd patients with coronary heart disease. No significant differences in sex and age factors between the CYP2C19 wild-type group and the mutation group were observed, nor did the biochemical test results of TC, TG, HDL-C, LDL-C, RBP, and FBG (Supplemental Table 3).

To further illustrate renal function difference in different age groups, the trend chart was plotted between the CYP2C19 wild-type group and the mutation group in Fig. [2](#F2){ref-type="fig"}. We analyzed individuals' renal function difference by every 10 years. The levels of cystatin C, BUN, CCR, and CREA were no significant difference under age 60 between the wild-type group and the mutation group. There were some differences in the 4 renal function test results over aged 60 between the 2 groups. Obviously, the renal function situation in patients with CYP2C19 wild type was worse than with CYP2C19 mutation, especially in cystatin C.

![The relative index of renal function between CYP2C19 wild type and mutation in CCVd patients with coronary heart disease. Results represented means ± standard deviation: (A) the concentration trend chart of blood urine nitrogen in different age groups; (B) the concentration trend chart of serum creatinine in different age groups; (C) the trend chart of creatinine clearance rate in different age groups; (D) the concentration trend chart of serum cystatin C in different age groups. CCVd = cardio-cerebral vascular disease.](medi-95-e4954-g003){#F2}

3.4. CYP2C19 wild type is high risk factor for nephropathy in CCVd patients with coronary heart disease
-------------------------------------------------------------------------------------------------------

We calculated ORs for risk of nephropathy by multivariate logistic regression analysis, progressively adjusted for diabetes, hyperuricemia, male, CYP2C19 wild type, single mutation, and double mutation (Table [2](#T2){ref-type="table"}). Analysis showed that the CYP2C19 wild type was an independent risk factor for nephropathy (OR 1.928, 95% CI: 1.196--3.108; *P* = 0.007).

###### 

Multivariate logistic regression analysis of independent risk factor for nephropathy in coronary heart disease.

![](medi-95-e4954-g004)

3.5. Significant difference of renal function between CYP2C19 wild type and mutation genotype in CCVd patients with diabetes
----------------------------------------------------------------------------------------------------------------------------

Baseline clinical test results of the CYP2C19 wild-type group and the CYP2C19 mutation group are analyzed. The proportions of coronary heart disease, sex, and age were no significant differences between in the wild-type group and the CYP2C19 mutation group. The levels of cystatin C, BUN, and CREA were significantly higher in the wild-type group than in the mutation group. And the levels of CCR were significantly lower in the wild-type group than in the mutation group. There were also no significant differences in the levels of TC, TG, HDL-C, LDL-C, UA, RBP, and FBG (Supplemental Table 4).

In Fig. [3](#F3){ref-type="fig"}, the trend chart was plotted between the CYP2C19 wild-type group and the mutation group in 5 age groups. We analyzed individuals' renal function difference by every 10 years. The levels of cystatin C, BUN, CCR, and CREA were no significant difference under age 70 between the wild-type group and the mutation group. There were some differences in the 4 renal function test results over aged 70 between the 2 groups. Obviously, the renal function situation in patients with CYP2C19 wild type was worse than with CYP2C19 mutation.

![The relative index of renal function between CYP2C19 wild type and mutation in CCVd patients with diabetes. Results represented means ± standard deviation: (A) the concentration trend chart of blood urine nitrogen in different age groups; (B) the concentration trend chart of serum creatinine in different age groups; (C) the trend chart of creatinine clearance rate in different age groups; (D) the concentration trend chart of serum cystatin C in different age groups. CCVd = cardio-cerebral vascular disease.](medi-95-e4954-g005){#F3}

3.6. CYP2C19 wild type is high risk factor for nephropathy in CCVd patients with diabetes
-----------------------------------------------------------------------------------------

We calculated ORs for risk of nephropathy by multivariate logistic regression analysis, progressively adjusted for coronary heart disease, hyperuricemia, male, CYP2C19 wild type, single mutation, and double mutation (Table [3](#T3){ref-type="table"}). Analysis showed that the CYP2C19 wild type was an independent risk factor for nephropathy (OR 5.248, 95% CI: 2.213--12.443; *P* = 0.000).

###### 

Multivariate logistic regression analysis of independent risk factor for nephropathy in diabetes.
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4. Discussion
=============

Both CYP2C19 and CYP2C9 play important role in drug metabolizing enzyme in CCVd treated by anticoagulation. There are 35 alleles found in the Chinese populations (∗2, ∗3, ∗8, ∗11, ∗13, ∗14, ∗16, ∗19, ∗23, ∗27, ∗29, ∗31, ∗33, ∗34, ∗36--∗56). ∗2 and ∗3 are the main variants among all of CYP2C9. However, the mutation frequency of ∗2 and ∗3 is very low (about 2%) in Asian.^\[[@R11]\]^ So CYP2C19 become a focus in this study.

CYP2C19 is located within a cluster of cytochrome P450 genes on chromosome 10q24, which contains 9 exons and 8 introns.^\[[@R12]\]^ The gene encodes a 490-aa long protein of approximately 56kDa, which is a member of the cytochrome P450 superfamily of enzymes. CYP2C19 is a clinically relevant drug-metabolizing enzyme for which genotyping and phenotyping information has the potential to improve drug safety and efficacy.^\[[@R13]\]^ At least 27 variant alleles for CYP2C19 have been identified, with the most extensively described being CYP2C19∗2, CYP2C19∗3.^\[[@R14]\]^ Since CYP2C19∗2 and ∗3 covering \>90% poor metabolism population the mutation genotype contained ∗1/∗2, ∗1/∗3, ∗2/∗2, ∗2/∗3, and ∗3/∗3.

Stage 5 CKD is often called end-stage renal disease (ESRD), which is the terminal state of the kidney.^\[[@R15]\]^ Both genetic and environmental factors effect on its development and progression, and that lead to the emergence of a variety of complications.^\[[@R16]\]^ In order to avoid having that happen, prevention and treatment of early nephropathy is particularly important. Recently, various studies indicated that genetic component is the key point for the susceptibility of ESRD.^\[[@R17]\]^ Research has shown that protein and mRNA expression of hepatic cytochrome P450 enzymes including CYP3A1, CYP3A2, and CYP2C11 were reduced in experimental models of CKD.^\[[@R18]\]^ However, it has been unthorough about the effects of genetic factors on the susceptibility for nephropathy. This study aims to reveal the association between CYP2C19 genotype and nephropathy.

Firstly, this study showed that the renal function differences between CYP2C19 wild type and mutation genotype in CCVd patients with hyperuricemia. Independent risk factor analysis showed that CYP2C19 wild type is the only positively related risk factor for nephropathy. Sex is also related to nephropathy in CCVd patients with hyperuricemia, but this phenomenon can be caused by men being prone to get CCVd.^\[[@R19]\]^ What is more, we analyzed biochemical results between CYP2C19 wild type and mutation genotype in CCVd patients with coronary heart disease and with diabetes. We found the similar conclusions that CYP2C19 wild type was an independent risk factor for nephropathy in CVVd patients.

Hypertension is the most important risk factor for cardio-cerebral vascular disease, while the kidney is the main target organ of hypertensive damage.^\[[@R20]\]^ We cannot underestimate the risk of hypertension leading to nephropathy. But in this study, hypertension is not an independent risk factor which causes nephropathy in CVVd patients. Thus, the detection of CYP2C19 genotype has more important significance for the assessment of the susceptibility of nephropathy, at least in CVVd patients.

In order to achieve the purpose of diagnosis and treatment, variety of drugs were used to patient body in the era of modern medicine.^\[[@R21]\]^ Unfortunately, some of these drugs lead to adverse side effect and systemic toxicity, including impaired renal function. Many classes of drugs, including prescription drug and blame prescription drug, caused drug-induced renal impairment.^\[[@R22]\]^ Patients undergoing clopidogrel treatment are often required to take concomitant medication. Therefore, the mechanism of resulting in kidney toxicity is unclear. No clear evidence was found that any of the anticoagulants separately cause renal damage but it is possible that the other constituents of the compound tablets and possibly other anticoagulants are necessary to cause nephropathy.^\[[@R23]\]^

For most drugs, the faster drug metabolized in the liver, the more dosage was needed. Most of the drug can interfere with normal transport mechanisms in the kidney, leading to a variety of impairment of renal function.^\[[@R24]\]^ Cytochrome P450 (CYP) is a superfamily of drug-metabolizing enzymes that is involved in the metabolism of most of the clinically used drugs. CYP2C19 wild type is the fastest metabolism type in all of CYP2C19 genotype.^\[[@R25]\]^ The ultrafast drug metabolism forces to increase dosages, which result in kidney toxicity and nephropathy. Hence, the use of the prodrug and tailored drug to protect against nephropathy is necessary.

5. Conclusion
=============

To conclude, the association between CYP2C19 wild type and nephropathy is extremely significant, which suggests that CYP2C19 wild type is related to the nephropathy susceptibility in CCVd patients. CYP2C19 wild type is an independent risk factor for nephropathy, and the risk of nephropathy is 3.288 times higher than CYP2C19 mutation genotype in hyperuricemic CCVd patients, 1.928 times higher than CYP2C19 mutation genotype in CCVd patients with coronary heart disease, and 5.248 times higher than CYP2C19 mutation genotype in diabetic CCVd patients. The CYP2C19 gene plays a potential maker to evaluate nephropathy in CCVd patients. Furthermore, the deteriorative degree of nephropathy is more and more obvious as age grows when the age is \>60 years. On the basis of our current results, we recommend optimizing drug choice and dose for a more effective therapy, avoid serious adverse effects, and decrease medical costs. Because most of the drug can interfere with normal transport mechanisms in the kidney, the use of prodrug and tailored drug can contribute to the decrease of drug toxicity and nephropathy in CCVd patients with CYP2C19 wild type. Since the limited sample size, further studies in a large population are needed to confirm these findings.
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Abbreviations: BUN = blood urea nitrogen, CCR = creatinine clearance rate, CI = Confidence interval, CKD = chronic kidney disease, CREA = creatinine serum, CVVd = cardio-cerebral vascular disease, CYP = cytochrome P450, ESRD = end-stage renal disease, FBG = fasting blood-glucose, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, OR = odds ratio, RBP = retinol binding protein, SD = Standard deviation, TC = total cholesterol, TG = triglyceride, UA = uric acid.
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